INTRODUCTION
Historically, perhaps the most basic criterion used to discriminate between earthquakes and nuclear explosions was simply the location of an event, for those powers that did test nuclear weapons did so at well-established test sites. For example, the People's Republic of China (PRC) has historically conducted weapons testing at the Lop Nor nuclear test site. As a result, teleseismic discrimination has focused on test sites: events initially located away from the nuclear test sites were largely ignored. Under a CTBT, however, event location may become more important, for an explosive event located away from both traditional testing areas and away from known mines is suspicious. Indeed, an explosive event located "close" to a mining area could be problematical, depending upon the uncertainty of the estimated location and its proximity to the mine. Reliable estimates of location uncertainty become extremely important under a CTBT.
We report here initial results on a study of the capability to locate seismic events in China, particularly western China, using only regional data. At present, no seismic arrays are available to us to assist in the location of regional events in western China. Thus, we are constrained to use only travel time data from single stations. Our first objective is to estimate the reliability of location methods utilizing only travel times recorded at regional seismic stations.
In order to assess the reliability of our location methods, accurate locations of the seismic sources located must be independently available. For China, this presents an immediate problem, as the only set of accurately-known source locations is the set of nuclear events detonated at the Chinese test site at Lop Nor. We can therefore characterize the capability to locate events from the Lop Nor region, but nowhere else .in China. It is possible to utilize well-recorded, large earthquakes having shallow foci as "known" sources, but uncertainties in the positions of such events will always render the location characterization of such areas less certain. This type of inherent uncertainty afflicts any attempt at estimating the location capability of a particular method, such as one utilizing waveform analysis rather than travel-time analysis. Independent studies are ongoing to locate the positions of other types of seismic sources in China, notably mining blasts. The success of the location characterization studies is strongly dependent upon the success of these parallel studies of seismic source location.
RESEARCH ACCOMPLISHED
In the initial stage of this work, we have chosen to test the LocSAT hypocenter location algorithm (Bratt & Bache, 1988) by locating 7 known nuclear explosions at the Lop Nor test site. Observed travel times were taken from the United States Geological Survey's Earthquake Data Reports (EDR). The EDR data are sorted by epicentral distance (from near to far), thus permitting us to easily test the effects of station number and proximity on epicenter location. In the results which follow, we used only the first arrivals, usually indicated in the EDRs as P, with an occasional Pn and some PW.
Travel times are determined from the AK135 tables, corrected for ellipticity, with no bulk static or source-specific station corrections (SSSC's). Beginning with picks fi-om the nearest 300 stations, we gradually eliminated more distant stations, until only the 3 closest stations remain. Note that we are determining epicenter only, holding depth fixed at 0. We used the closest station as the starting location of the inversion. Table 1 lists the explosions we have re-located, and Table 2 provides a sample run for one of them. The distribution of regional stations used for relocating the nuclear events is shown in Figure 1 , along with the locations of Lop Nor and the former Soviet nuclear test site near Semipalatinsk.
In general, LocSAT epicenters are in good agreement with the EDR locations, which in some cases use upwards of 600 picks. Some systematic differences are to be expected, as the EDR locations use the J-B travel time tables for its locations, rather than AK135. For runs using more than 75 picks, location differences between the LocSAT results and the EDR results were typically less than 5 km in both latitude and longitude.. The inversion is typically stable down to 5 shtions, at which point average lat/lon errors are still less than 10 km. For 3 and 4 stations, the azimuthal distribution of stations sometimes became unfavorable, resulting in LocSAT solutions diverging dramatically from the EDR locations. This occurred in 3 of the 7 relocations. For the other 4 blasts, LocSAT still performed well, with latitude errors generally less than 22 km and longitude errors less than 10 km. We have also compared the LocSAT epicenters with the those of Gupta (1995), which were derived from a master event relocation based on accurate satellite locations of the June 27, 1973 and October 3, 1984 Lop Nor nuclear tests. Results were very similar to those of the EDR relocations. Figure 2 shows the spatial distribution of the 10 stations nearest the event. Note that, with the exception of WMQ, located only 2.4" NNW of Lop Nor, regional stations are not located very close to the test site: the next closest station providing data for this study is nearly 9" distant from Lop Nor. One of the implications of this observation is that, for locating events in the Lop Nor region, the details of the travel-time curves from 0-9" may be irrelevant, as no observations in this interval are likely to be available for locating events. In fact, the closest station to Lop Nor available for the June 1994 relocation is FRU, over 10" distant from the event. Figure 2 reveals a relatively good station distribution, despite the fact that 8 reporting stations are grouped very close to one another. Figure 3 .shows how the location of the event varies as more stations are eliminated. Even using only 3 stations, the mislocation is only -7 km. Some of the other nuclear events relocated had very poor station distributions, and consequently their mislocations were greater. Parenthetically, we note that the distribution of reporting stations was quite different from event to event, whichis somewhat surprising in view of the fact that all these events were large enough to be well-recorded. We also note that travel times were often reported by PRC-controlled stations, although reporting times from these station commonly showed high residuals, leading us to suspect these times. Note that times from WMQ, the closest station to the events, were never available.
As a first estimate of bulk static corrections, we averaged the EDR station residuals over all events in a large region (10"-60" latitude, 50"-120" longitude) around Lop Nor, and incorporated them into the LocSAT algorithm. Any improvement in epicenter location was very small. However, this set of events contained many regional arrivals having relatively large incident angles (from the vertical). A better approach would be to use residuals for events at distances greater than 40", arriving with much smaller incident angles. These would more accurately model bulk static station corrections. We have estimated these corrections, but have not yet incorporated them into our results.
In addition to relocating several Lop Nor nuclear explosions, we also relocated an mb=6.2 earthquake that occurred near the Lop Nor test site, as well as several of its aftershocks, ranging in magnitude from 5.8 to 3.8. We followed the same procedure as for the explosions, except that we now allowed depth to vary, and as a result the number of stations could only be reduced to 4. In all cases, LocSAT worked well, finding epicenters to within 10 km in latitude and longitude of the EDR epicenters with as few as 6 stations. However, with depth varying, origin times were off by several seconds, and depths by up to 60 km. Using only 4 or 5 stations, latitude and longitude errors were less than 25 km, with one exception, though depth errors in some cases reached over 100 km and origin time errors approached 8 seconds. In several instances, the inversion using only 4 stations failed. Table 3 lists the earthquakes used and tabulates results from 3 of the 7 earthquakes studied. In general, for both earthquakes and explosions, the error ellipses surrounding the LocSAT location encompassed the reference location, but were not grossly large. Other errors shown are estimated by LocSAT (confidence error ellipse and origin time). The confidence level was set to 0.90. Below, the first column shows the number of stations used, and the second shows the maximum azimuthal gap. The sixth, seventh and eighth columns give the ratio of semi-major and semi-minor axes of the error ellipse, the value of the semi-minor axis, and the strike of the error ellipse.
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CONCLUSIONS AND RECOMMENDATIONS
It is clear from this initial study that well-recorded events (i.e., high S/N for times, good station distribution)in the 50p Nor region can be located rather accurately using only first arrival times at regional distances, even when only a small number of stations are available. Clearly the station distribution is one of the most important parameters controlling the reliability of a location. This result is well-known from a theoretical basis, of course. Also, it seems that, for single-station observations such as those used here, one does not need to be especially close to an event to provide a good estimate of its location. However, the events studied were wellrecorded; observed travel times from smaller events are likely to be less reliable, as well as less likely to have a good azimuthal distribution of recording stations, leading to greater error in their locations.
We plan to estimate both static station corrections and SSSCs for all stations of interest. These mostly include not only the stations used by the ED&, but also digital stations near Lop Nor of interest to CTBT researchers. We hope to be able to attain a location ycertahty of less than 2 km using such methods. Constructing the SSSCs will require estimating local velocity structure at the stations of interest, at least along paths from Lop Nor to the station. Separately, we plan to estimate the effect of noisy first-arrival data with the use of Monte Carlo methods, thus simulating what might be times recorded from a small event in the Lop Nor region.
Finally, we re-emphasize that the characterization of location reliability for regions of the PRC away from Lop Nor is highly dependent upon independent measures of seismic sources' locations in such regions. We plan to work closely with those finding such locations in order to expand our studies to other portions of China. Calibration explosions at selected sites could be extremely beneficial, as well.
